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7KXV WKH SRZHU EDODQFH EHWZHHQ WKH ODVHU SRZHUPL WKH DEVRUEHG SRZHUPabs WKH UHIOHFWHG SRZHU Pref DQG WKH
WUDQVPLWWHGSRZHUPtransFDQEHZULWWHQDV6WHHQDQG0D]XPGHU
௅ܲ ൌ  ௔ܲ௕௦ ൅ ௥ܲ௘௙ ൅ ௧ܲ௥௔௡௦  (1) 
:KHQ WKHPLQLPXP OLQHHQHUJ\ WRFXW D WH[WLOH LV DSSOLHG WKHGLIIHUHQWSRUWLRQVRI WKHSRZHUDUHDEVRUEHGDV
VKRZQLQ)LJXUHD$SRUWLRQRI WKHSRZHULVUHIOHFWHGRQWKHVXUIDFHRI WKHWH[WLOHPref,s UHIOHFWHGLQ WKHNHUI
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Pref,kDEVRUEHGE\WKHZRUNSLHFHPabsRUWUDQVPLWWHGWKURXJKWKHPDWHULDOPtrans,m+RZHYHUWKLVLVDQLGHDOL]HG
YLHZRIWKHFXWWLQJSURFHVV6LQFHWKHHGJHRIDODVHUEHDPLVQHYHUFOHDUO\GHILQHGLQWKHUDGLDOGLUHFWLRQDQGWKH






௥ܲ௘௙ ൌ  ௥ܲ௘௙ǡ௦ ൅ ௥ܲ௘௙ǡ௞  (2) 
7KHWUDQVPLWWHGSRZHUPrefFDQEHFDOFXODWHGDVVKRZQLQHTXDWLRQZKHUHDVWKHSRZHUWUDQVLOOXPLQDWHGPtrans,k
LVQRWWUDQVPLWWHGWKURXJKWKHPDWHULDOEXWUDWKHUWUDQVLOOXPLQDWHGWKURXJKWKHNHUIEHKLQGWKHFXWWLQJIURQW
௧ܲ௥௔௡௦ ൌ  ௧ܲ௥௔௡௦ǡ௠ ൅ ௧ܲ௥௔௡௦ǡ௞  (3) 
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  (4) 
Hv LV WKHVXEOLPDWLRQHQWKDOS\RI300$ l LV WKHOHQJWKRIWKHFXWǻm WKHDEODWHGPDVVDQGȡ WKHGHQVLW\RIWKH
300$ȡ JFPñ6FLQWLOODHWDO
4.2. Calibration 
3UHOLPLQDU\ H[SHULPHQWV WR GHWHUPLQH WKH VXEOLPDWLRQ HQWKDOS\ DQG WR FRPSDUH WKH UHVXOW WR YDOXHV IURP WKH
OLWHUDWXUHZHUHFDUULHGRXW)RU WKLVSXUSRVHNHUIV LQ WKH300$ZHUHIRUPHGE\WKHODVHU)RU WKHVHH[SHULPHQWV
RQO\WKH300$ZDVLOOXPLQDWHG$GHVLJQRIH[SHULPHQWVZDVSODQQHGDQGWKHUHVXOWVZHUHHYDOXDWHGLQDTXDGUDWLF
UHJUHVVLRQPRGHORIWKHVXEOLPDWLRQHQWKDOS\FDOFXODWHGDFFRUGLQJWRHTXDWLRQ7KHLQIOXHQFLQJYDULDEOHVZHUHWKH
FXWWLQJVSHHGvDQG WKH ODVHUSRZHUPL+RZHYHURQO\DYHU\ ORZFRHIILFLHQWRIGHWHUPLQDWLRQFRXOGEHDFKLHYHG
7KH DVVXPSWLRQ IURP WKH OLWHUDWXUH WKDW WKH VXEOLPDWLRQ HQWKDOS\ FDQ EH DVVXPHG WR EH FRQVWDQW FRXOG QRW EH
FRQILUPHG$VDFRQVHTXHQFH IRUPXODZDVQRWXVHGIRU WKHH[SHULPHQWV7KHVXEOLPDWLRQHQWKDOS\ZRXOGKDYH
KDG WREH GHWHUPLQHG LQ DQ HODERUDWHGHVLJQRI H[SHULPHQWV ,QVWHDG WKHPDVV DEODWLRQSHU OHQJWKXQLWǻm/l ZDV
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
)LJ&URVVVHFWLRQRIWKHNHUILQWKH300$v PPLQDPL :EPL :FPL :
7KH H[SHULPHQWV ZHUH UHSHDWHG IRXU WLPHV DQG WKH DEODWHG PDVV ZDV GHWHUPLQHG 7KH UHVXOWV ZHUH KLJKO\
UHSURGXFLEOHDQG WKHVWDQGDUGGHYLDWLRQZDV ORZHU WKDQ$OLQHDU WUHQGEHWZHHQ WKHPDVVDEODWLRQSHU OHQJWK
XQLW DQG WKH ODVHUSRZHUFDQEHREVHUYHG7KLVRIIHUV DGYDQWDJHVZKHQGHWHUPLQLQJ WKH WUDQVPLWWHGSRZHU LQ WKH







4.3. Measurement of the transmitted power 
)LQDOO\WKHH[SHULPHQWVIRUWKHFDUERQILEHUWH[WLOHVZHUHFDUULHGRXW7KHWUDQVPLWWHGSRZHUZDVPHDVXUHGXVLQJ
WKH300$EORFNVXQGHUQHDWKWKHWH[WLOHV7ZRGLIIHUHQWILEHURULHQWDWLRQVĮ DQGĮ ZHUHXVHG7KXVWKH
FXWZDVHLWKHUSDUDOOHORUSHUSHQGLFXODU WR WKHILEHUV7KHPD[LPXPFXWWLQJVSHHGZDVXVHGDWHYHU\SRZHU OHYHO

















































PLLQ: vLQPPLQ ĮLQ ǻm/lLQPJPP PtransLQ:
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EH FRQILUPHG LQ SUHOLPLQDU\ H[SHULPHQWV ZLWKLQ WKLV VWXG\ 7KXV WKH H[SHULPHQWDO VHWXS ZDV FDOLEUDWHG E\
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ODVHUSRZHUZDVORVWDVPHDVXUHGXVLQJ300$XQGHUQHDWKWKHWH[WLOHV7KHUHVXOWVZLOOEHXVHGWRIXUWKHULPSURYH
DQDQDO\WLFDOPRGHOIRUWKHFXWWLQJSURFHVVRIFDUERQILEHUWH[WLOHVZKLFKLVFXUUHQWO\EHLQJGHYHORSHG
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